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CONCLUSIONS AND RECOMMENDATIONS 

Because the Provincial Water Quality Objectives for ammonia are 
exceeded for the length of the upper Serpent River downstream of the 
industrial effluents during certain periods of the year, it is 
inappropriate to define mixing zones. 

Due to the periodic presence of ammonia concentrations potentially lethal 
to fish, the immediate rehabilitation of the upper Serpent River is not a 
viable option with the existing process technology. It is recommended 
that the investigation of an alternate process technology that would 
significantly reduce in-stream ammonia concentrations be initiated. 

Realizing that stress to fish communities exists periodically in the upper 
Serpent River from the interaction of ammonia and pH, it is 
recommended that a feasibility study into effluent pH control be 
initiated. This study should determine the effect of effluent pH 
maintenance in the 6,5 to 7.5 range, recognizing the implications to 
downstream ammonia oxidation and the mobilization of metals from 
tailings areas. 

A study to define the cause of elevated river pH values during the 
winter months should also be initiated. 



INTRODUCTION 



The Ontario Uranium Mining Industry commenced in 1953 with 
the discovery o-f a large uranium— bearing ore body in the 
Serpent River basin. Sparked by a large uranium market j, 
development proceeded rapidly, with eleven mines in 
aperation by 1957. 

Pi decline in the world uranium market reduced the number of 
aperating mines to five by 1966. The continued uncertainty 
of markets further reduced mining activity in the Serpent 
River basin until ^ in 1972, only two mines were aperating. 

Surveillance of waste control operations in the Serpent 

River basin by Ontario began in 1957 5 with emphasis on 

containment of mill wastes and investigation of chemical 
pollution of receiving water s^ 

A major investigation of water quality and its assDciated 
biological impacts as related to mining activity in the 
Serpent River basin was carried out from 1966 to 1969, The 
findings of that study were documented in a report entitled 
"Water Pollution from the Uranium Mining Industry in the 
Elliot Lake and Bancroft Areas" (O-W.R.C-, 1972). 

In 1976,, a Ministry study documented some improvement in the 
chemical water quality of the basin, notably a decline in 
Radium"*, ammonia, total dissolved solids and sulphate 



concentrations, and an increase in pH (Roy and Keller, 
1976) . 

About 1974;, a resurgence in the demand for uranium as a 
source o-f energy occurred- In order to meet long term sales 
commitments and an expanding market, Rio Algom and Denison 
Mines Limited proposed to increase their production 
facilities by expanding existing mines and rehabilitating 
others- 

An Order — in-Council, dated September 22, 1976, directed the 
Environmental Assessment Board to evaluate the advantages 
and disadvantages to the environment of this proposed 
expansion. In May, 1979, the Environmental Assessment Board 
released its findings. Keynote were the following 
recommendations on water quality: 

"The Board finds the objective of restoration of the 
aquatic habitat in the Serpent River system to support 
a viable, self —sustaining, healthy and wholesome 
fishery to be appropriate. 

The Board finds that the levels established for pH (6.0 
or above), ammonia (1-0 mg/L or below) and TDS (500 
mg/L or below) are not unreasonable for the restoration 
of a fishery although serious attention must be paid to 
raising the pH to 6.5 or more, and lowering the ammonia 
below 1-0 mg/L. 



The Board recommends that a treatment program be 

developed for Quirke Lake by the mining companies to 

raise the pH by the addition o-f lime and sodium or 
calcium carbonate. The implementation of the program 

must be coordinated with ammonia reduction programs in 

the mine/mill facilities and care must be taken to 
avoid molecular ammonia toxicity. " 

Historically, Quirke Lake, the first lake downstream of 
mining-milling discharges, supported a lake trout iSal vel in— 
as namaycash) and walleye iStizostedion vitream vitrea^) 
fishery. By 1961, siK uranium mines surrounding the lake had 
been in production for six years and interest in angling had 
apparently tailed off because of poor angling success.* 
Investigations carried out by Duckworth (1977), documented 
an absence of game fish in Quirke Lake with contamination by 
the uranium mining industry strongly implicated as a 
contributing factor. 

Although a good historical documentation of the fishery m 
the upper Serpent River is not available, the river is 
reported to have been utilized as a spawning area by the 
Quirke Lake walleye papulation. It also supported brook 
trout iSali'&Jinas fontinal is) , (Purych-Bowman, personal 

communication) . 

Rehabilitation of the upper Serpent River and Quirke Lake to 
support a viable, self sustaining fishery is contingent on 



the presence o-f -favourable water quality, food resources 
(benthos and -forage -fish) and suitable spawning habitat. 
Within the framework of these requirements, studies were 
undertaken during 1980 and 1981 in the upper Serpent River 
between Dunlop and Quirke Lakes to: 

1) define effluent miKing zones in relation to the 
terms and conditions of the Ministry's Policy 5 on 
mixing zones (MOE, 1978). 

2) document in-stream water quality; first under low 
summer flows in 1980 and subsequently in 1981 
throughout the ice-free season. 

3) determine the biological status of the river by 
assessing the benthic and fisheries communities. 

4) investigate the acute effects of effluent discharges 
on fish, through laboratory bioassay techniques and 
the use of in— situ caging exposures. 

Results of the studies ars presented in the following 
sections of this reports Part I — Water Quality and Hiding 
Zone Studies, Part II - Biology, and Part III - Fish 
Bioassay Studies. 



STUDY AREA DESCRIPTION 



The study area of the upper Serpent River is shown in Figure 
1. The Serpent River flows from a small dam at the outlet of 
Dunlop Lake (elevation 379.5 m) to Quirke Lake (elevatian 
363-5 m) , over a distance of approximately 8 kilometres 
(km). Dunlop Lake is a typical oligotrophic Precambrian 
shield lake, supporting a mined coldwater fishery. It is an 
important recreational lake for the area's residents. 

The river enters Stollery Lake about 0.7 km below the Dunlop 
Lake outlet. This lake has been divided by an earth fill dam 
into two areas. The eastern portion receives overflow from 
the Denison Mine's Long Lake and Williams Lake tailings 
disposal areas, and is used as a settling pond fallowing 
barium chloride treatment of the influent to precipitate 
radium. The western portion of the lake is approximately 3 
metres (m) lower than the eastern portion and receives the 
drainage from the upper lake via a culvert at the northern 
end of the dam, as well as the flow from the Serpent River. 
North of the Denison Mine Access Road, treated effluent from 
the inactive Williams Lake beaver pond area enters the 
river^ Approximately 3-5 km downstream of Dunlop Lake, Bud 
Creek joins the Serpent River at the point where the river 
bends toward the east. Bud Creek drains the Quirke Mine 
tailings disposal area which receives tailings from Rio 
Algom's Quirke mill complex- There are no effluent 
discharges to the river between Bud Creek and Quirke Lake, 



FIGURE 1 - UPPER SERPENT RIVER SYSTEM STUDY AREA 
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PART I - WATER QUALITY AND MIXING ZONE STUDIES 



The objective o-f this part of the study was to de+ine water 
quality conditions in the upper Serpent River with re-ference 
to the Ministry's Policy 5 on mixing zones (MOE, 1978). 

When compared with Provincial Water Quality Objectives 
(P.W.Q.O.) and Ministry policy on mij<ing zone requirements, 
these data were expected to provide an indication of the 
overall suitability of the system -for aquatic li-fe and 
reveal to what extent the passage o-f fish might be 
restricted- In addition, the study would provide a data base 
useful for determining what level of effluent control would 
be needed to upgrade water quality to achieve the long— term 
goal of rehabilitating the system for spawning of resident 
fish species. 



METHODS 



On June 10 and July 23, 1980, chemical sampling was 
conducted at all stations between Dunlop Lake and Quirks 
Lake, and of the Btollery and Bud Lake tailings effluent 
sources (see Figure 1). Bud Creek (station Q-3) and Serpent 
River (station 3) flows were gauged. Water sampling was 
carried out along transects, at the confluence of each 
effluent source with the Serpent River in order to define 
chemical gradients in the mixing zone. At Stollery Lake, 
radial transects were established from the culvert into the 
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lake. Saraples were taken from the surface and from near the 
bottom along these transects. Below Bud Craek^ three 
transects ("P'% '•Q" and "R") were established across the 
stream over a distance of approximately 1.3 km. Also,, 
samples were taken at station 4, immediately above the Bud 
Creek confluence. Samples we're analyzed for pH, total 
dissolved solids CTDS) , alkalinity, sulphate, chloride^ 
ammonia, total Kjeldahl nitrogen, nitrite, nitrate, uranium,, 
c op p er an d zinc. Wa t er samp 1 es c o 1 1 ec ted f or 1 ab or at or y 
bioassays (see Part III) were analysed for Ra*^* and gross 
alpha and beta activity. Measurements of temperature, 
dissolved OKygen and conductivity were made in the field. 

In 1981, with ammonia idBntified as the principal element of 

concern, a program of bi-weekly am.miQ.nia sampling was 
instituted at four stations CI, 2, 3, and 6) fro^mi May tO' 
Movember , 



RESULTS 

.Cal . Hal n Ri ver Stat i ons 

m 

June and July 1980 water quality survey data for main river 
stations and effluents are summarized in Appendix A (Tables 
A— 1 and A— 4) . Dissolved oj-cygen is not reported; however, 

spot measurements in the field were greater than 8 mg/L 
througho:ut the study reach. 



12 
Water quality was excel lent in the short section o-f the 
study area between Dunlop Lake and the inlet to Stollery 
Lake. The speci-fic conductance values at the Dunlop Lake 
out let (station 1> were in the 25—50 umho/cm range. The 
concentrationB of all variables were very low in comparison 
to those at downstream stations. 

The discharge o-f tailings e-f-fluent -from the Den i son-Long 
Lake tailings area via Stollery Lake increased TDS 
concentrations at station 2 to 850 mg/L and 1290 mg/L during 
the June and July surveys, respectively. These 
concentrations exceed the 500 mg/L outlined by the 
Environmental Assessment Board (1979) as reasonable for the 
restoration o-f a fishery. Radium^^* and gross beta activity 
were less than the Provincial Water Quality Objectives 
(P.W.Q.O.), and the pH range was within the objectives, 
Un-ionized ammonia concentrations exceeded the P-W.Q.O. in 
July- 

Station 3 had significantly higher concentrations than 
station 2 of all parameters except zinc- 

At stations 5 and 6, P.W.Q.O. were met for pH and Ra^^*; 
however, un-ionized ammonia criteria exceeded the objective 
of 0-02 mg/L- Inputs from the Quirke Mine tailings area vis 
Bud Creek resulted in slight increases in already elevated 
levels of un— ionized ammonia, nitrate, calcium, zinc and 
uranium. 



(b ) Mi X i nq Zone Studi ea 

Transect sampling results for the Stollery Lake and Bud 
Creek mixing zones are presented in Figure 2 and Table A-2 
(Appendix A> 5 respecti vely- 



(i) Stollery Lake: 

Conductivity levels in June, in the surveyed western part o-f 
Stollery Lake, were in the order o-f 1300 umho/cm. The 
conductivity of the inflowing river water from Dunlop Lake 
was 43 umho/cm. On the basis of spot measurements, the low 
c o n d uc t i v i t y Serpent River pi um e could n o t be d i sc er n ed 
beyond the inflow to the lake. 

The Long Lake tailings effluent to Stollery Lake was found 
to have a conductivity of 2S00-3600 umho/cm- Vertical 
profiles in the lake in the immediate vicinity of the 
discharge culvert showed increasing cone ent rat ions with 
depth for uranium, TDS, nitrate, ammonia and calcium. 
Surface water conductivity, uranium and ammonia gradients, 
represented by isopleths, are shown in Figure 2- 
Canductivity in this zone approaches average lake 
conductivity (1300 umho/cm) a very short distance beyond the 
Qutf all « 



Figure 2- Stollery Lake Mixing Zone 
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(ii) Bud Creeks 



The water quality data -for this zone are summarized in 
Appendix Table A— 2. Water quality sampling below the Bud 
Creek in-flow indicated elevated concentrations of chemical 
variables at all points across transect P. Concentrations 
were slightly higher on the north (Bud Creek) side o-f the 
river. At transect Q and -Further downstream, concentrations 
were generally uniform across the channel, A decline in 
concentrations for both conservative and non-conservative 
parameters was also evident- These observations are 
illustrated in Figure 3 for total dissolved solids and total 
ammoni a. 



Cc> Seasonal Changes in Un-ionized Ammonia Concentrations 



The results of the 1981 ammonia monitoring program are 
summarized and presented in Figure 4, The individual pH, 
temperature and ammonia data used to derive these un-ionized 
ammonia concentrations can be found in the 19B2 Ministry 
publication "Serpent River Basin, Water Quality Data, 1981'", 

By late June, un— ionized ammonia concentrations exceeded the 
P.W.Q.O. of 0-02 mg/L , in response to declining flows and 
increasing water temperatures- These concentrations remained 
elevated throughout the ice— free season and showed nc 
seasonal decline with cooler water temperatures. Historical 



FIGURE 3 

CROSS-SECTIONAL ZONE OF MIXING 
BELOW BUD CREEK FOR 
TOTAL AMMONIA AND TOTAL DISSOLVED SOLIDS 
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FIGURE 4 SEASONAL CHANGES IN THE CONCENTRATION OF UN-IONIZED AMMONIA IN THE UPPER SERPENT RIVER 1981 



li'B 
Mater quality monitoring data indicate that these un—lonized 
animonia concentrations remain elevated throughout the winter 
months, reaching a maximum in January and February in 
response to high in—stream pH values. 



DISCUSSION 



Exclusive o-f those waters immediateiy downstream of Dunlop 
Lake, water quality is degraded -for the entire study reach 
at certain times. Degradation is evident immediateiy below 
the inlet of the river to Stollery Lake. 

Secause of the reiatively uniform distribution of pollutants 
at concentrations in excess of Provincial Water Quality 
Objectives throughout the lake, the two— dimensional 
descriptions associated with mixing zone and "zone of 
passage" concBpts need not be applied. Rather, the entire 
cross-section of the water body in this area has to be 
considered as a high risk area to fish passage- 

Un— ionized ammonia concentrations remote from the immediate 
area of the Stollery Lake outfall are in the 0.06-0.10 mg/L 
range at the surface and approKimately twice this 
concentration at depth- These concentrations are above the 
threshold level for sub— lethal effects of ammonia on rainbow 
trout iSslmo Bairdnerii} (MOE, 1979), 
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Other pollutants potentially toxic to aquatic li-fe such as 
copper and nitrite are present in elevated concentrationSs 
with copper concentrations exceeding the P.UI. Q.O. of 5 ug/L, 
Avoidance thresholds -for this metal B.rs reported as low as 
2.6 to 15.5 ug/L (Siattina et al , 1982), At the observed 
concentrations of nitrite, some acute toxicity might be 
expected. 

The aggregate ecological effect of all pollutants on 
potential resident and spawning fish is difficult to assess. 
Parts II and III of this report address this question more 
directly. Based on concentrations of un— ionized ammonia 
alone, the river appears marginal for the survival of a 
fishery. 

Figure 3 shows the effect of the Bud Creek effluent on the 
Serpent River below station 4, using TDS and total ammonia 
as representative parameters. Concentrations at the Dunlop 
Lake outlet are included for comparison. It is evident that 
at station 4 just above Bud Creek, pollutant concentrations 
arm still high as a result of the Stall ery Lake inputs. 
During the 1980 survey the Bud Creek plume further elevated 
concentrations of all parameters and was found to be mixed 
completely across the stream within 300 metres of the 
confluence. Mass balances indicate that even with no 
upstream effluent inputs, the Bud Creek source would result 
in river concentrations for several parameters well in 
excess of P.W.Q.O- under most existing flow conditions. 
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Although some decay o-f ammonia and loss o-F dissolved solids 
is apparent, the impact o-f Bud Creek extends to the 
downstream limit of the study area at station 6- Part o-f the 
solids loss (also noted -for uranium) may be attributed to 
adsorption— sett 1 ing processes in this reach. Heavy 
si 1 tat ion was noted just below station R where a railroad 
track crosses the river and -flow is restricted by -four 
culverts under the trackbed- 

With respect to mixing zones, the -following conclusions may 
be drawn: 

(1) The zone o-f mining of the Denison tailings e-f fluent 
to Stollery Lake extends to about 100 metres away 
from the effluent culvert- 

(2) The zone of mixing of the Rio Algom effluent 
discharged via Bud Creek extends to transect P 
(approximately 300 metres) . 

(3) At the downstream boundary of both mixing zones, 
concentrations of un-ionized ammonia are well in 
excess of P.W.Q.O. In the case of the Bud Creek 
e-ffluent discharge, excessive levels would also be 
expected at the periphery even without the 
influence of the upstream Stollery Lake discharge. 



PART II - BI0LD6Y 



The objective of this component o-f the 1980 and 1981 studies 
was to determine the status o-f the biological communities o-f 
the upper Serpent River by assessing benthic and fish taxa 
throughout the study area. 



METHODS 



Triplicate Surber samples were taken in late July, 1980, at 
stations 1,2,3 and 6. Additional qualitative samples were 
collected at each station using a hand sieve and bucket. 
Supporting information on land use, substrate, water 
temperatures and the presence and relative abundance of 
aquatic vegetation was collected and recorded at the time of 
the benthic survey. A comparison of benthic 
macroin vertebrate data from this survey was made with data 
collected in 1967 and 1968 (O.W.R.C., 1971), to determine if 
any significant changes in community structure had taken 
place. 

Fish communities were assessed in August, 1981, subsequent 
to the sighting of spawning white suckers iC^tsstomas 
comm&rsonii) during the spring of that same year. At 
stations 1, 2, 3 and 6, 100 m reaches of comparable habitat 
were sectioned off using 30 m seine nets. These reaches were 
then intensively electrof i shed for 30 minutes using a 
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Bmith-Roote model VII electro-fisher. 



RESULTS 



A description a*F the biological and physical characteristics 
o-f the four river stations is contained in Table B-1 
(AppendiK B) . The numbers and types of benthic -fauna at each 
station are listed -for each Surber sample in Table B-2. 
These results are summarized and presented in Figure 5. 

Macroinvertebrate communities at station 1, the upstream 
re-ference station, were typical of a coolwater environment 
with good representatiDn by pollution intalerant stoneflies 
and caddisflies (Table B— 2) . Standing crop estimates, based 
on counts of indi viduals/m' , were high for the dilute waters 
of the shield as compared to those reported in similar, 
non— impacted environments (Keller and Balep 1982), 

Although a significant difference in standing crop was 
evident between stations (F=23.2, p<0.05), there were nc 
differences between the numbers of taxa per station (F=3.44, 
p>0.05>. Some station-to-station differences in the presence 
or absence of specific taxa were apparent- 

At station 2, downstream of the Stall ery Lake effluent 
discharge, benthic standing crops showed a slight increase, 
while numbers and types of pollution intolerant taxa showed 



FIGURE 5 

AVERAGE NUMBER OF TAXA AND ORGANISMS/ M^ FROM 
THE UPPER SERPENT RIVER, JULY 1980 
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2* 
a slight decline. This was indicated by the loss o-f tma 
genera each of stone-Flies and caddisflies. At station 3, 
approKimately 1 km downstream, an 80 percent (%) cover o-f 
benthic algae was noted on the instreadi substratep 

Macroinvertebrate community composition was similar to that 
of station 2- A slight increase in the number of pollutant 
intolerant ta^a was apparent , as well as an increase in 
total numbers. 

At station h^ several km below the Bud Creek inflow, the 
water was notably grey and a heavy benthic growth (100% 
cover) was observed on the substrate. Standing crop and 
diversity of the macrainvertebrate community showed marked 
declines relative to station 3- 

AppondiK Table B-3 presents historical invertebrate data 
collected during 19&7 and 1968. Comparing the historical and 
1980 invertebrate data and allowing for differences in 
seasonality and sampling technique, very little change in 
the invertebrate fauna is apparent . 

Diversity, as measured using liargalef's Indei<j, was unchanged 
(see Table 1) . 
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TABLE 1: Historical ComparisDn of Diversity (measured 
by Margalef s Index) -for Two Stations on the 
Upper Serpent River 



STATION MONTH/ YEAR 

JunB/67 July/67 liay/68 July/80 



I 1-5 3-7 2.7» 1.1, 1-5, 1-2, 3.2» 

it 0-7 1-0 - 1.1, 0.7, 1.5, 2-2* 

tSurber plus qualitative sample; all other indices 
based on single Surber sample 



Margalef's Inden — (S— l)/LogioN where S is the number 
Q-f taxa and N is the number of organisms/m= , 



During the August, 1981 electrof ishing survey, no fish were 
captured at any of the stations, except station 6, where a 
few creek chub, iSeaotil us atrosacalstas) n were captured- 
Qualitatively, bank and in-stream cover was rated poor to 
fair throughout the study reach, with the limit of upstream 
fish migration established by a natural 2 m high falls jUst 
upstream of station 2 (the Denison Mine access road) . 



DISCUSSION 



Benthic macroinvertebrates throughout the reach from Dunlop 
Lake to Quirke Lake reflected only moderate water quality 
impairment associated with the two major waste discharges at 
Stall ery Lake and Bud Creek- Relatively minor shifts in 
community composition and a general decline in standing 
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crops with distance downstreain were apparent. Overall,, 
standing crops of benthic macroin vertebrates were judged to 
be high, relative to the normally dilute and thus less 
productive waters of the Precambrian shield. The organisms 
present, notably the caddisfliesy were judged to be present 
in sufficient numbers to provide a food base capable of 
supporting a fishery. 

Present-day macroinvertebrate communities Bre similar to 
those documented in the upper Serpent River during the late 
1960's. 

The results of the August, 1981, electrof ishing survey 
suggest that a forage fish population is not present in the 
upper Serpent River. The lack of fish is attributable to the 
seasonally elevated ammonia concentrations (see Part I). 



PftRT III - FISH B I PASS AY STUDIES 



The objectives o-f the bioassay component of the 19Q0 and 
1981 studies Mere: 

(1) to investigate the acute effects on fish of the 
mine/mill effluents discharged to the upper Serpent 
Ri ver- 

(2) to determine the f actor (s) limiting survival in 
these effluents by selectively reducing or altering 
specific chemical components under controlled 
conditions and observing the effects on fish 
lethal i ty- 

(3) to determine, using in— situ caging techniques, 
whether fish could survive a short term e;;posure in 
the river during the spring, 



METHODS 



(a) Rainbow Trout Bioassavs 

During 1980, static laboratory bioassays (96 hr. ) were 
performed to assess the acute lethality of the mine/mill 
effluents, D-2 and Q-3, to rainbow trout finger lings- A 
dilution series of each effluent was prepared with 
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dechlorinated Toronto tap water to determine what 
concentration would produce mortality in 50 % of the test 
■Fish <a 96 hr. — LC50> . Test water was aerated. Bioassays 
were conducted at 15" C with 10 fish/test solution- 

Because ammonia concentrations in the effluents were 
considered to be the primary toxicant, subsamples of the 
effluents were passed through clinoptilol ite resin to reduce 
ammonia levels <U.S.E.P-A., 1971). Bioassays and chemical 
analyses were performed on samples before and after 
treatment to determine the contribution of ammonia tc the 
toxicity of the waste. 

A second set of bioassay samples was collected in August, 
1980, for comparative purposes. A pH adjustment on a portion 
of the D— 2 sample (Denison Mines effluent) was undertaken to 
assess the effects of pH reduction on effluent toxicity- The 
pH was adjusted from a level of 10.0 to 7-8 using 10 Z HCl . 
In addition, bioassay samples were obtained from the Rio 
Algom, Panel Mine effluent which contains significantly 
lower ammonia concentrations due to a different process 
technology. 



<b) Zebrafish Hatchabilitv Tests 

An egg hatchability and fry survival study with zebrafish 
iBrschydsnio rerio) was undertaken using effluents D— 2 and 
Q— 3; river samples from sites F— 1, F-3 and F-5 (all of which 
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were collected August 20th); and dechlorinated Toronto tap 
water (the laboratory control). The eggs were supplied by 
laboratory— reared breeding adults and were randDmly placed 
in the test containers, exposure commencing within 6 hours 
a-fter the initial spawning. 

Each sample was tested in duplicate at 25-26" C with 15 eggs 
per 500 ml test container (actual river temperatures at the 
time of sampling were 22"C). The test solutions were 
replaced every 48 hours and swim— up -Fry were -fed Paramecium 
in proportion to the number o-f individuals in the test 
container. Hatchability and organism mortality levels were 
measured at the various developmental stages (pre— eyed egg, 
eyed eggji sac -fry, swim— up -fry) during the study. The test 
was terminated 7 days a-fter the last hatch. 



(c) In-situ Exposures 

Exposures o-f brook trout were undertaken during May 4-8, 
1981, along the upper Serpent River between Dunlop and 
Quirke Lakes (Figure 6). The test -fish were 6-11 g 
fingerlings from the Ministry of Natural Resources, North 
Bay hatchery, and the exposure cages were modified 
polyethylene minnow traps. 

The trout were transported to the test site in polyethylene 
bags containing hatchery water and an oxygen headspace. At 
the study site, the water temperature of each bag was 



FIGURE 6 - UPPER SERPENT RIVER IN-SITU FISH EXPOSURE SITES 
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allowed to equilibrate to the river temperature prior to 
release of -fish into the cages. No pre-ei<posure acclimation 
was undertaken at the site due to the similarity of hatchery 
and eKpQSure water temperatures. The pre— exposure water 
temperature at the hatchery was ICC, while the range of 
mid— day water temperatures at the exposure sites during the 
five successive days of the test was 10.0-16.0, 6.5-12.5^ 
9.0-14.0, 8-0-10.0 and 8.5-12.0"C5, respectively. 

Ten fish were exposed at each test site, except at the 
reference station F-l, where forty fish (10 fish/cage) were 
exposed. During the second day of the study, a cage of fish 
was transferred from the control site to the Denison Mine 
effluent discharge (D— 2) , in order to confirm the results of 
the previous day. 

The fish were Dbserved throughout the daylight hours of the 
test and the dead fish were remaved from the cages. Water 
samples were collected daily from each exposure site for 
chemical analysis at the MOE laboratory in Toronto. On-site 
water analyses at each exposure site included daily oxygen 
and pH measurements, while water temperatures were taken 
twice daily- 



Table 2 



TOXICITY TEST RESULTS 



- DEN I SON AND RIO ALGOri EFFLUENTS 



anv/Sample Location: Denison Mines = Elliot Lake 



inPLE _ ^^ TEBT 



Risultant 

Statio.n ^ami Type Date 9fe-hr. L.C5Q Typi Refer snce No. 

3-2 atollery Lafce Dan brab June 10/80' 551 — S-70 

D-2 StQlliry Lake Baa - Triatid (in-labi Srab June 10/B:0' Jion-lithal Clinis-treitsd £-73 

D-2 Stollery Lake Dai Srab Aug. 20/80 m — S-lOO 

0-2 Stollery Lake Dai - Treited fin-lab) Srab kg, 20/30 MOO^ {30« pH adjusted 3-103 
aortal, itv i IQOll 



Companv/SamDle Locations Rio Alaoin Mines - Elliot Lake 



SAilPLE TEST 



Resultant 
Station HaB.e Ivoe Date 9li-hr, LC50 Tyge Rgfsrence No. 

i-3 iud Lake Cr.aek Dai E Srab June 10/80 m — S-71 

0-3 Sud Lake Creik Dai E - Triatid (in-libl Srab June 10/30 Non-lithal ClinQ-triitid S-72 

3-3 Sud Lake Creek Daa E Srafe Suqi. 20/80 5?ii -- S-101 

Panel IMine Grafe Aug. 20/80 MOO^, iWL — 3-102 

, iortalitv I lOOS; 



RESULTS 



(a) Rainbow Trout Bioassavs 

The tailings pond e^=-Fluents from both Denison Mine's Long 
Lake (Stollery Lake D-2) and Rio Algom's Quirke Mine (Bud 
Creek 0-3) tailings disposal areas were lethal to -fish in 
June, 19B0. There was complete -fish mortality in the -full 
strength effluent solutions and no mortality in test 
solutions of AOV. or less- The 96 hr. - LCSOs (concentrations 
lethal to 50T^ of the test fish over a 96 hr. test) were 65X 
v/v for the Stollery Lake sample and 48vC v/v for the Bud 
Creek samples (Table 2) - 

Total ammonia concentrations in the two tailings effluents 
(Table A— 3) were four times greater than the MOE mining 
effluent guideline of lOmg NHs-N/L (MOE, 1981), and the 
amount calculated to be present as un— ionized ammonia 
eKceeded values known to be lethal to fish (U-S-E.P,A., 
1976). An un-ionized ammonia LC50 for rainbow trout fry of 
0.2 mg/L has been reported by Liebmann (I960),, while the 
LC50 for fingerlings has ranged from 0-6 to 1.4 mg/L at the 
Ministry's toKicity laboratory- In this study, the 
calculated levels of un— ionized ammonia at the corresponding 
LC50 values for the Stollery Lake dam (657- v/v) and Bud 
Creek (48% v/v) samples were 1.8 and 1.1 mg/L, respectively- 
Undiluted samples of both cl inopti lol i te treated effluents 
were non— lethal to the test fish. Chemical data for the 
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treatments are presented in Appendix Table A-3, 

Clinopti lolite treatment reduced e-f fluent ammonia 
concentrations to 1 mg/L -from 43—44 mg/L. Calculated 
un— ionized ammonia concentrations were <0-01 mg/L, lower 
than the P.W.Q-O. o-f 0-02 mg/L- Prior to cl inopti lol i te 
treatment, e-f-fluent nitrite concentrations were also 
approaching potentially lethal values. The Stollery Lake and 
Bud Creek samples contained 8.0 and 3.3 mg/L as N, 
respectively. However, the bu-f-fering of effluents by the 
addition of Ca(0H)2 for pH adjustment offset the potential 
nitrite tonicity- Wedemeyer and Yasutake (1978) found that 
an increase in hardness from 25 to 300 mg/L (as CaCO = ) 
increased the 96 hr- — LC50 for rainbow trout from 0-5 tc 
10.3 mg/L NOs— N. Effluent hardness determinations were well 
in excess of 1000 mg/L as CaCGs (Table A-3). 

The elevated calcium concentrations in the effluents are the 
result of Ca(0H)2 treatment by the mills to raise the 
effluent pH prior to discharge. Although these additions 
have a positive effect on mitigating potentially lethal 
nitrite concentrations, the resulting increase in pH creates 
a shift in equilibrium, increasing concentrations of 
un— ionized ammonia, with a resultant increase in effluent 
lethal ity- 

The cl inopti lol i te treatment increased sodium and aluminum 
levels in the effluents due to the ion— exchange properties 
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of the resin. It is unlikely that these changes had a inajor 
irrf luence on the decrease which was observed in the sample 
taxi city- Reductions o-f other parameters due to the 
treatment were observed as well. In both effluent samples >, 
copper was reduced from levels of 0.020 mg/L prior to the 
treatment (pH S.3-S-4; hardness 1500-1600 mg/L as CaCOs ) . 
However, these pre— treatment levels are still 26 times lower 
than ones reportBd as lethal to rainbow trout (0.52 mg/L CUs 
pH 8,0, hardness 371 mg/L as CaCOa > by Howarth and Sprague 

(1978). Therefore, copper (and all other metal) 
concentrations appear to have been of little cansequence in 
either pre- or post-treatment lethality levels. Copper 
concentrations in both effluents did however exceed P.W, Q.0, 

(5 ug/L) by a factor of four- 

A second set of effluent samples collected from the Stollery 
Lake dam and Bud Creek in August, 1980, were also lethal 
with LCSO's of 20 and 59X v/v^, respectively. The Bud Creek 
result was consistent with the test undertaken in the 
spring, while the Stollery Lake dam sample was significantly 
morB toxic than that tested in June, 

In addition to high ammonia concent rat ions of 19-7 mg/L, the 
August, 1980, Stollery Lake effluent pH of 10 units exceeded 
the range considered harmless to fish (6-0-9-0 units). 
Therefore^, pH may have contributed to the lethality of the 
full strength effluent solution- Dilution of the effluent 
resulted in a bioassay pH of 8,7 and an LC50 of 20% v/v- The 



calculated un— ionized amnion i a concentration was 0.6 mg/L 
which is above levels known to be lethal to -fish (Liebmann, 
1960) . 

In-lab pH adjustnient of the -full strength e-f fluent to a 
value of 7-8 units reduced lethality to 30X. The calculated 
un— ionized ammonia concentration was 0.4 mg/L which is 
considered to be marginally lethal. 

During August, 19B0!, samples were collected and tested from 
the Panel Mine tailings area, representative of a mill 
employing the LAMIX (Limestone=Acid— Magnesia— Ion Exchange) 
process for uranium extraction, as contrasted to the Denison 
and Quirke Mills which employ a nitrate elution and ammonia 
precipitation process (NEAP) - 

Since the pH of the Bud Lake effluent (pH - 8.3) was close 
to that of the Panel Mine (pH - 8.9) the Bud Lake results 
Sire discussed here for comparative purposes. Metal 
concentrations in the two samples were in the same general 
range; however, the ionic strength of the Panel mill 
effluent was approximately two thirds of that from Bud Lake 
(Table A— 5) . Total ammonia (as N) was nearly 10 times 
greater in Bud Creek (39. 1 mg/L) versus the Panel Mine 
effluent (3.4 mg/L). 

Calculated un— ionized ammonia concentrations in the Bud 
Creek sample were 1.0 mg/L at the 96 hr. - LC50 (597- v/v) . 
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The corresponding concentration in the Panel mill e-f-fluent 
was 0.8 mg/L at its LC40 (i.e. 40"/. mortality occurred in the 
■full strength solution). Lethality was reduced in the LAMIX 
process e-f-fluent due to substantially lower concentrations 
o-f ammonia. 



(b) Zebra-fish Hatchabilitv Tests 

Egg mortality in the pre— eyed li-fe stage showed no 
di-f -f erences between the e-f-fluent, river and control samples 
(Table 3); however, di-f -f erences began to appear among 
samples in the eyed— egg stage. Mortality rates declined in 
the river samples and increased in the e-Ffluent samples. 
There was a great difference in mortality results of the 
"duplicates" for the Stollery Lake Dam (D-2) effluent during 
the eyed— egg stage. Unfortunately, no definite reason can be 
given for these differences- 
Hatching success was highest for the test control (Toronto 
tap water) and the station 3 river samples, while levels in 
the Dunlop Lake outlet (sample control) matched those in the 
other Serpent River sample (station 5) , with a 73yC success 
rate, Hatchability in the effluents was lower with Stollery 
Lake (D-2) and Bud Lake Dam (Q-3) , having only 33% and 50'1 
hatching success levels, respectively. (Sample chemistry is 
presented in Appendix Table A— 5. ) 

All organisms in the effluent samples which survived the 



Zebra-fish Hatchabilitv 
and Mortality Levels of Di-fferent Li-fe Stages 
Exposed to Serpent River Mater and Mine Tailings. 



38 
Table 3 



SflHPLE 



I HATCHABILITV I HORTALITY 



Station Description 



Average froa Pre-eyed Egg Eyed Egg Sic Fry Swia-upa Total Avg. 
duplicates A B A__B A B A E A B 
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27 


13 
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26 


13 


20 



D-2 Stollery Lake Daia (Long L.) EfHuent 33 
Q-3 Bud Creek Dam (Bud L.) Effluent 10 
1 Dunlop Lake - Control 11 

3 Serpent River at Panel Hine Access Rd. 81 
5 Serpent River Below Bud Cr. f| 
Dechlorinated Toronto Mater Control 97 



IDue to heavy egg fungal infestation in test beaker B the data froi that beaker are not included in the average values outlined 
in this table. 
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hatch died within two days, while still in their sac -fry 
stage o-f development- Survival o+ fry in the river samples 
matched or surpassed results -for the controls. 



( c ) In — s i t u Ex p osur es 

The results o-f the May, 1981, in— situ bioassay (Figure 6) 
are presented in Table 4, Supporting water chemistry data 
are presented in Appendix Table C— 1. 

When the laboratory was unable to provide veri-Fiable NH s 
results, concentrations were estimated by linear regression 
incorporating Kjeldahl nitrogen-nitrate and nitrite 
relationships- All measured and calculated NHs values, r 
values and linear equations Ars presented in Appendix Table 
C-2. 

Although the ef -fluent exposures exhibited variable 
lethality, no lethality or Indications o-f stress were 
observed -for the -fish exposed at various sites throughout 
the river- The highest calculated value o-f un— ionized 
ammonia at a river site (F— 7) was approximately ten times 
lower, than required to produce acute lethality- There-fore it 
appears that a zone o-f passage for fish would have existed 
along the length of the upper Serpent River at the time of 
the in— situ bioassay- 

The effluent at Stollery Lake (site D-2> was very toxic. 
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Table 4 



Fish Exposure Mortality Results 
and Associated Un— ionized Ammonia Concentrations. 



EXPOSURE SITES* 



PERCENT MORTALITY AT: 



UN-IDNIZED AHMQNIA IHS/L) AT; 



No. DescriBtion 



hrs 



24 hrs 96 hrs hrs 



:4 hrs 



% hrs 



F-1 RefenncB 



D-2 



Stallery Lake Effluent Decant 100 (at 1.5 

hrs) 

StoUery Lake Effluent Decant^ 100 (at 2 

hrs) 



F-3 



F-4 



Serpent River, Denison Mine 
Access Road 

Serpent River, Panel Hine 
Access Road 







0.3 >{ 10-* 0.4 s 10-* 0.4 ){ Ur^ 



4.6c 



4.62 



.01 



003 



^Refer to nuabered locations on Figure 6 
^Second exposure undertaken 24 hrs. after the initial result. 
''Hstiisated values - see Cheiical Saapling tlethods Section and Appendix C 
•At 48 hrs. - NHa value was estisiated to be 1.39 iig/L. 
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Serpent River, d/s Bud Creek 
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Serpent River, at Federal 
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01 



,007 



13 
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100% mortality occurring a^Fter only 1.5 hours- A repeat o-f 
th i s ex p osur e the foil owi n g day p r oduc ed si mil ar r esul t s ■ 

In contrast, at Bud Creek (site F-6) , only 50% mortality 
occurred during 96 hours. The levels of total 
ammonia-nitrogen discharged from those two tailings areas 
(D— 2 and Q— 3) were not significantly different over 5 days 
(p>0.05), while there was a significant difference (p<0.05) 
in pH. In turn, the higher pH (of approximately one pH unit) 
at the StoHery Lake Dam produced un— ionized ammonia levels 
which were ten times higher than those at the Bud Creek 
culvert (F— 6) - The mean un— ionized ammonia levels (x ± 2 
S-D.) were 5-4 ± 1-0 versus 0-41 ± 0-2 mg/L for the two 
sites, respecti vely- 

The concentration range of un— ionized ammania (0-25—0-74 
mg/L) at the Bud Creek site is comparablB to levels cited in 
the literature as lethal to fish- Laboratory eKperiments 
have demanstrated that lethal concentrations for a variety 
of fish species are in the range of 0.2 to 2.0 mg/L, with 
trout being the most sensitive species (U- S. E- P- A- , 1976) - 
The ten times higher un— ionized ammonia levels at the 
Stall ery Lake Dam discharge versus those at Bud Creek 
account for the differences in the lethal response time 
between the two sites (i-e- an LC50 in <l-5 hrs- vs. 96 
hrs- > . The upstream Bud Creek sample CQ-3) had large 
fluctuations in un-ionized ammonia levels (0.02—1-37 mg/L), 
due to flow pattern changes of a nearby creek during a storm 



event, and is not considered representative of the effluent 
from Dam "E"- 



DISCUSSION 



The results of the fish bioassay studies revealed that the 
final effluents from Denison Mine's Long Lake and Rio 
Algom's Quirke mill tailings were lethal to test organisms- 
Elevated concentrations of ammonia compounded by high pH 
values were identified as the primary agents responsible for 
toxicity. 

In-situ and laboratory experimehts on river water show that 
fish survival in the upper Serpent River is passible during 
certain periods of the year. A species of fish sensitive to 
ammonia such as the brook trout can survive under high flow, 
freshet conditions. However, low flow, high temperature 
conditions present in the summer and high pH and ammonia 
concBntrations during the winter will create a greater 
possibility of fish mortality during those seasons. 
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SUMMARY 



The zones of e-f -fluent mining as described in Part I of this 
report are relatively small in size- The Stollery Lake zone 
o-f mixing ex tends approximately 100 metres from the point o-f 
discharge, the lake being about 850 metres wide at that 
point. Adjacent waters in Stollery Lake and the upper 
Serpent River upstream o-f Bud Creek, for the majority of the 
year do not meet P.UI.Q-0- for ammonia, and meet them only 
seasonally for pH. 

Under low flows the Bud Creek zone of mixing extends 
approKimately 300 metres downstream. Concentrations of 
dissolved substances are increased by the inputs from Bud 
Creek, compounding the existing degraded condition of the 
stream. Pollutant mass balances indicate that under low flow 
conditions, even without the influence of an upstream 
effluent discharge, the Bud Creek source would result in 
river concentrations of ammonia and dissolved solids in 
excess of P.W.Q.O- 

yhen the water quality of the upper Serpent River is 
evalupted in terms of P.W.Q.O., specifically Policy 5, the 
complete stretch of river downstream of Stollery Lake to 
Quirke Lake must be classified as a zone of non-compliance 
during certain seasons and flow conditions. 
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A natural waterfall just upstream of the Den i son Mine access 
road defines the limit of fish migration on the upper 
Serpent River. Therefore, no definition of zone of passage 
need be considered at the Stollery Lake outfall- 

Although a decline in numbers and diversity of benthic 
macroinvertebrates was noted below the effluent sources j the 
river's benthic community reflected only moderate 
alteration- The standing crop of benthic organisms is 
considered adequate should a re— introduction of fish be 
considered. 

The results of the August, 1981, slectrof ishing survey 

support the hypothesis that, at least seasonal ly^ the 

probability for fish survival under existing conditions is 
marginal - 

Un— ionized ammonia has been identified as the principal 
toxicant of concern in the upper Serpent River system. 
Chemical analysis of the two effluents revealed ammonia 
levels that would be expected to be lethal. The degree of 
lethality to test fish of these effluents was found to be 
variable, with acute lethality occurring at effluent 
dilutions as low as 20"i v/v. Experimental removal of ammonia 
eliminated the observed lethality, confirming un-ionized 
ammonia as the toxic component. 

During the 1980 studies, un-ionized ammonia concentrations 



under low -Flow conditions were greater than P.W.Q.O. but 
bslow reported 96 hr. — LC50 values. Bioassay samples 
produced no adverse e-f-fects on zebra-fish egg hatchability or 
fry survival. 

Although the positive fish exposure results from 1981 Bire 

encouraging, the question of whether or not a re— introduced 

fishery would be sustained in the upper Serpent River 
remains undefined. 

The concentrations of un— ionized ammDnia in the river below 
the miMing zones Are dependent on available dilution, 
ambient pH, temperature and ammonia loadings from the two 
effluent sources. 

In particular, the toxicity of ammonia is very sensitive to 

pH. Ammonia establishes an equilibrium in water: 



NHs + H* = NHJ 



or 



r I^NHs 3 EH* 3 - |^ = 10~»'' 



cnh:3 



(Stumm and Morgan, 1970) 



The un-ionized ammonia (NH^) is the toxic chemical species. 

The higher the pH the greater the fraction of the total 
ammonia that is in the toxic un-ionized form. For example 
at a temperature of 20° C and pH = 6.0 only 0.0407. of the 
total ammonia CNHa + NH 4) present will be toxic while at 
pH = 8 that fraction jumps to 2SX, an increase of 700 times. 



4& 
Un— ionized ammonia concentrations as high as 4.45 mg/L were 
documented in the river in 1981. This value is equivalent to 
that which caused complete fish mortality at the Stollery 
Lake Dam in two hours, during the May in— situ exposure. 

Ultimately, milling processes with signi-f icantl y lower 
ammonia losses need to be implemented. In the interim the 
observed toxicity could be reduced by maintaining the 
B-f-fluents at lower pH's (near neutrality). As there Arm 
potential harm-ful side e-f-fects o-F lower pH's in the e-f -fluent 
(greater losses o-f metals such as iron and lowered bu-f-Fering 
ability necessary to offset the instream oxidation of 
ammDnia) studies are required to ensure adequate protection 
of the receiving water - 

Considering the seasonally variable toxicity of the river, 
there is the potential that a fisheries management strategy 
could be adopted that would eHploit the period of favourable 
water quality, particularly if instream pH is lowered. 
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APPENDIX A 



EFFLUENT AND RIVER WATER QUALITY DATA 



Appendix f 
Table A-1 



Mater Chemistry Data Upper Serpent River 
- June 10, 19B0.» 





ion 


Total 
NH3-M 


N03-N 


Ca 


Solids 




Cond. 
(uiho/cn) 


U 
(uQ/L) Cs 


J Zr 


1 


SO4 


PH 


Stat 


Sus. 


Diss. 


(pH units) 


1 




0.10 


0.48 


4 


<5 


28 


m 


<10 


09 


16 


■? 


6.3 


rl 




9.3 


20.6 


155 


-^ 


850 


1100 


■II 


06 


29 





— 


;^ 




14.0 


32.9 


230 


<5 


1308 


1350 


30 


08 < 


05 


■610 


7.8 


4 




14.0 


33.4 


235 


_,_ 


1249 


1600 


813 


96 


07 





-_^ 


C 




16.4 


37.4 


265 


(5 


1475 


1700 


89 


02 ( 


05 


610 


7.6 


h 




1&.8 


35.8 


260 


<5 


1390 


1650 


90 < 


02 


07 


530 


I • J 


D-2 




34.5 


75.1 


600 


12 


3502 


3600 


210 


09 


31 


15QQ 


3.4 


a-3 




28 


53.6 


395 


11 


2037 


2200 


170 < 


02 


20 


1500 


a. 3 


% - 


- All 


resu 


Its in 


mg/L 


ej<cep1 


t as 


noted- 













Appendix f 
Table A-2 



Bud Creek /Serpent River Mixing Zone Ufater Quality 

- June 10, 1980- 



iiBg/L except as indicated) 



Total 

Total Dissolved Conductivity Uranius 

Station NHs-H Nitrate Calciua Solids (uaho/cm) (ug/L) Cu In 

It 14.0 33.4 235 1249 1600 33 O.Oi 0.07 

P! 21.5 45.7 330 1831 1950 

P2 285 14S9 1700 

P3 li.4 37.3 2i5 1491 

P4 17.7 41.1 275 1426 1650 

P5 14.6 33.9 255 1437 1650 

Ql 17.3 37.7 290 1580 1300 

32 17.9 39.1 285 1594 1800 

33 17.6 38.6 290 1622 1300 

34 17.7 39.1 280 1505 1750 

35 16.2 36.3 265 1540 1700 

R: 12.6 29.0 285 1502 1700 

R2 17.2 38.7 275 1527 1700 

R3 16.7 37.2 275 1510 1700 

R^ 16.9 37.7 275 1394 1700 

511 16.4 37.4 265 1475 1700 39 ;0.02 (0.05 



140 


0.06 


<0.05 


95 


0.07 


0.11 


33 


0.07 


0.07 


37 


0.08 


0.14 


91 


0.04 


0.05 


100 


\0.02 


■0.05 


110 


0.05 


;0.C5 


too 


0.06 


0.06 


100 


0.06 


0.12 


39 


0.05 


0.05 


95 


■'0.02 


0.07 


?6 


0.06 


0.13 


96 


■0.02 


(0.05 


94 


0.06 


(0.05 



Note: Traniect P, Q and,R interval saBiples numbered beginning at North Bank. 

t - upitreara boundary station 

It - station below aixing zone - shonn for cosparison 



Appendix A 
Table A-3 



Chemical Characteristics of IJine TailinQs Effluents 
before and after Treatment to Remove AmmQnia, 



Cond. Cheikal Data Mq/L 

iiBhs/ Hard. Alk. 

■-(1 @ as as Sus, Diss. 

Siipli Waae Mm COD 25' C pH CaCOs CaCOs NHs-N TKN HOa-^ SQ^-K Ca Ho Na K CI SD4 Solid Solid 

Stall try Laki Dais 

1. Untriited Junt 10/80 39 3750 S,7 1620 43 43 43 3.0 118 540 h 152 130 202 1500 12 3230 

2, ClinoptilQlite Tr. June 10/00 <20 1230 8.4 S50 27 <.l .60 &.0 3f 255 3 755 2.6 202 1540 25 3270 

Bud Laki Cr. Dani 'E': 

1. Untriitid Junt 10/80 21 3125 8.5 1540 43 44 44 3.3 83 SOO 7 19 140 20 1500 11 27f0 

2. Clinaptiloliti Tr. Jyni 10/80 <20 3450 8.5 783 33 iA .50 3.3 82 308 3 530 2.0 20 1520 40 2330 



ChEiical Data mil Diss, Diss. Diss, Diss. 

SaiBple UiM Date In Cu 'Ni Pt Cd Cr 111 l^n Fi Ba fii Co Ra^'^-^' U'^^" Sr.j Sr.f 

Stall ery Lake Dai: 

1. Untrtated Juni 10/80 <.002 .020 .020 <.004 <,001 .008 .64 .140 .21 .360 .006 .010 1 13D 180 110 

2. Clinoptiloliti Tr. June 10/80 (.002 .00! .006 <.006 .001 .008 .91 .037 .38 .061 .004 .003 - — 

Bud Lakf Cr. Dai 'E's 

1. Untreatid June 10/80 .020 .020 .004 <.0O6 (.001 .007 l.l .230 .36 .44 ,004 .0! 1 110 150 98 

2. Clinootilfllite Tr, June 19/80 (.002 (.002 .004 <. 006 <. 001 .007 1.7 .090 .67 .11 .004 (.002 - — — — 



Append! K ^ 
Table A- 4 



Chemical Characteristics of 
Mine Tailings Effluents and River Samples. 









Cond. 

Uiho/ 




Hard. fllk. 


Chenical Data iq/L 


























Ci @ 




35 as 












Sus. 


Diss. 


Saapli Nlait Date 




COD 




pH 


CaCOs GaC03 


NHs-K 


TKN NCs-N SOs-fl 


£a 


Hq Na 


K CI SD4 


Soil 


d aolid 


Tailings Pond EHluentsi 


























D-2 July 


23/30 


23 


3970 


a.B 


1760 46 


*3 


13 14 ?1 


676 


17 152 


130 232 1600 




3480 


Q-3 Julv 


23/80 


(20 


3270 


S.7 


1660 43 


43 


T J' a . y 7 u' 


651 


a 20 


150 21 1600 




2930 


Sirpint Rivif Siiplis: 


























Sin. 1 Dunlo^p Lake out 1st 




<20 


36 


7.S 


13 7 


0.2 


l.O .01 O.I 


c 


<1 1 


0.3 1 I 


<5 


38 


Stn. 3 July 


23/80 


<20 


1295 


7.6 


182 14 


11 


11 1.3 26 


11? 


2 41 


33 64 450 




1290 


Stn. Z July 


23/80 


m 


156D 


l.k 


636 14 


15 


15 0.8 34 


250 


3 32 


51 47 480 


<5 


1560 














Cheiiical Data ii/L 






Diss. Diss, 1 


Diss. 


Diss. 


Saipli Mm Date 




In 


£u 


m 


h m 


Cr 


ai If. Fe 


Ba 


As Cq 


O^aift yaaa i 


ir.a 


Gr.P 


Tailing! Pond Effluints: 


























3-2 July 


23/80 


<.00l 


.001 


.Oil 


<.003<.000: 


K.002 


0.44 ,0?? .023 


0,47 


.020' .008 


1 150 : 


210 


1200 


Q-3 July 


23/80 


<.90l 


■(.001 


.006 


5<.003<.0002<.002 


1.2 0.13 0.29 


0.24 


.010 .006 


2 55 


92 


1300 


Serpent River Saiplesi 


























Stn. 1 July 


23/80 


<,0O1 


<.001 


<.002 


<.003<.0002(.002 


.035 .0082 .034 


,m 


K.O0K.0O2 


(1 <10 


■M 


— — 


Stn. 3 July 


23/80 


{.001 


<.001 


.003 


2<.OO3(.OO02 .003: 


I .081 .032 .013 


.06C 


! .004<,002 


2 32 


57 


440 


Stn. S July 


23/80 


.0017<.001, 


.0062<.003<.0002<.002 


0.17 0.15 .087 


.06^ 


! .003<.002 


2 32 


60 


520 
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ApoendiK i 
Tab Is A-5 



Chemical Characteristics o-f Mine Tailings E-f-fluents 
from Mills Employino the NEAP and LAMIX Uranium Extraction Processes. 



Cond. Chemical Data mil 

uihc/ Hard. fllL 

cm € as as 

Saiple NaiRg Pats COD 2S'C pH CaCQa CaCCa NHs-N TKN NC2-K NQ?-N Ca !1g Na K CI SC4 

Tailings EHlutnts 

^roffl NEAF» Mill 

Pracisses: 

Stcllery Lake Dam D-2 Aug 20/80 (20 3750 IC 1750 78 19.7 20 12 76 590 3 151 130 237 UfcO 

Bud Lake Cr. Daro Q-3 Aug 20/80 <20 3200 9.3 1640 32 31.9 40 5.9 86 650 5 19 143 20 1500 

Tailings E-f-fluent -froii 

LAfllX^ Hili Prscess: 

Panel Hill Qutlall <20 2150 3.9 1220 20 3.4 5 0.39 4.1 470 12 2S 51 48 1180 

Chsfflical Data mil 

SansDle Name In Ni Pb Cd Cr Al M Fe Sa . As Ca 

Stollery Lake Daa D-2 Aug 20/80 .001 .007 .008 (.005 .003 0.23 .009 .028 .25 .02 (.002 
Bud Lake Cr. Daffl Q-3 Aug 20/80 .003 .008 .010 <.005 .004 0.45 .074.30 .17 .009 .003 

Panel Mill Out4all .020 .010 .020 (.005 .003 0.73 0.14 .24 .53 .002 .003 



*NEAP - Nitrate elution and aanonia precipitation 
'LAHIX - LiiTisstong-Acid-Magnesia-Ion SKchange 
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APPENDIX I 
TABLE B-1 



Physical and Biological Characteristics o-F the Upper Serpent River 









Estiiatid 










Stitian 




SIreaibid 


Rati of FloM 




Watir 






Pluitier 


Dati 


Gharattiristics 


ll'/iiCJ 


Bubstrats 


TiiO'. 


Air CCI 


Ceiiints 



21/07/BO 101 EF/50X fi 



M 



Cobbli and 23.5 24 Station biiow old control structures 

Sand mor bank and ioistreai cover, no 

QVirhangs or undercuts; surrounding 
»' land use liKid fDrist and parldng lot, 
fishy ilgil odour. 



22/07/80 mi EF/20X R/40I P 1.4 



Cobbli over 22 26 Station lilow Stoilery Lakei good 

bedrock spanning bed but liiited bank and 

instreai cover, surrounding land use 
forest. 



22/07/10' 1001 R 



U 



Cobbli over 
gravel and 
bidrock 



Poor bank and instreai cover, 301 

cover of bsnthic algae, 
surrounding land use aiKid forest. 



22/07/80 1001 R 



m 



Cobbli 23 24 Station below Bud Laki, poor bank mi 

instnai cover, alpl odouf, 
surrounding land use forest. 



IF - evenllow 
R - riffle 

P - pool 



APPENDIX I 
TABLE B-2 



Numbers/m^ and types o-f MacrQinvertebrates 
Collected -from Four Stations in the Upper Serpent River 

- July, 1980, 



(P indicates Dresence in qualitative sainle.) 








STATION;- t 


_ _ f 


1 . . 


i 


Taxa 5-1 S-2 S-3 Qual x 


S-l S-2 S-3 Qua! ^ 


S-l S-2 S-3 Qual % 


S-l S-2 S-3 Qual )l 



Stonellies: 

kransaria P P 



Pingneiina P 

Hayflies; 

Ipheterelli if i 

Isanfchii If 

CaddisHies: 

Cheutitops^'che 950 988 627 P 355 

Chiurr^ 57 76 P 44 

.f/ydfopsyc/)? 228 P 76 

Lmnephilidae 

Polffceiitroptis 

Rhyacophilidae 57 P 19 

Pupae, 
unidintiHed case P P 19 19 P 13 38 P 13 19 



1159 


228 


57 P 


481 


1178 


1425 


330 P 


994 


361 247 342 F 


114 


190 


19 P 


103 


2i6 


380 


p 
s 


291 

p 

p 


19 19 38 P 


209 


285 


95 P 


196 


304 


9S 


114 F 


171 





Alderfliesi 
Chidiodes 
















p 


p 


IIP 


1 


Snails: 

Planorbidae 




















9 


'P 


Beetles; 

Elaidae 
Haliplidae 
adults, 
unidentified 








380 1425 


266 P 
P 


690 
P 


589 665 
19 19 


797 p 
P 

P 


659 

13 

p 


n 


■^ 


Dipteral 
Siiuliidae 
Chironoflidae 


1691 779 
76 


1140 P 
57 


1203 
44 


1748 1843 
95 190 


1482 P 
19 


1691 
101 


330 57 
76 171 


P 

19 P 


146 
87 


19 

19 247 19 


h 
95 


Flatwomi 


494 589 


209 


431 


19 




.1: 












Crayfish; 
CiMtiru 




P 


P 


















ioris; 

Luibriculidae 




P 


P 








19 




6 










S-3 Qual 


X 


3-i S-2 


S-3 Qual 


~ 


S-I S-2 


S-3 aual 


- 


S-l S-2 3-3 Qual 


A 


Total Tasa 

Total crgani5»5/i= 

d, ilaroalif's Indes 


5 6 

3249 2527 

1.1 1.5 


5 9 
2261 - 


2678 

7. "? 


3 6 

3762 41SC 

2.0 1.4 


6 5 
1938 - 
1.5 


8 

TPQO 

2.0 


8 7 

2831 2812 

2.0 1.7 


5 10 
1501 - 
1.3 


11 

2380 

3.0 


4 3 5 4 
413 532 494 - 
1.1 0,7 1,5 


1 
i 

480 

9 1 



Nuflibers/m^ and types of Macroin vertebrates 



Collected 


from 


th< 


m UoD 


er Seroent 


Ri ver 




(Soarcti Mi 


fiaional H 


- 1967 and 1968. 

les and re-exiiination al arig 


inal 1968 


saioles.! 






LOCATIQNs 




It 

mi 

June 


hU 


it 
Juoi 




Itl 

1961 




Julv 


Ha¥ 



Ciddiiflies: 

PQlfCsdtrQpus 
Cf mil I as 

thiUMatOpSfChi 



IB 342 



15 



437 



114 



70^ 



II 



nayiliesi 
But is 
HiptiqiJiii 
PsiudQcloior. 
SUnoneti 



19 



1? 
19 
19 



Iff 



if 



Stoneflies: 
kromuris 
Isapirli 



19 



If 



Beet lis: 
ElDidae 



1? 



Crayfish s 

Citbariis birUni 



If 



Aiphipoda: 

Efallili aiteci 



ions: 

Laibricdas uriigitas 

True ■fliBss 

Cliironoiidae 

Siiuliidae 

Umphia 



m 



II 



114 



19 
10B3 



76 

171 



FlatwQrBs 



Total TaKa 

Total organisas/ii^ 

d, Margalil's Indss 



1 


11 


1 


1 


f 


187 


524 


1121 


798 


978 


1.5 


3.7 


0.7 


1.0 


2.7 



t - Surbir saiple only. 
tt - Surber plus qualitative saiple. 



60 

APPENDIX E 

TABLE B-3 



■'(flS«| 



APPENDIX C 



m 



IN-SITU CHEMICAL DATA 



62 



Appendix C 
Table C-1 



Serpent River Water Quality (Mav. 1981) at the Fish Exposure Sites 



Cheiical Data (ag/L) - 5-dav averaoes. 



Ei^posure 




























Sitis 


Cond. at 


Hardness 


Alkalin 


ty 




















(Fig. h) 


k J fai 


as 


as 












NO2 + 










m. 


uaho/ciD 


CaCOs 


CaCQs 




pH 


NH3-Ni 


TKN 


NOs 


NO3 


Na 


K 


CI 


SO4 


F-l 


33.6 


9.6 


11.8 




6.8 


.036 


.21 


.002 


.0096 


.27 


.28 


.8 


6.4 


D-2 


3495 


1271 


50 




B.55 


48 


49.8 


2.5 


37.5 


139 


B 


96.1 


236 


1254 


F-3 


331 


90 


U 




6.85 


1.97 


2.7 


.6 


5.4 


23 


4 


■jt-ji 


9.9 


34.4 


F-4 


184 


m 


3.3 




6.4 


2.21 


3.7 


.6 


5.2 


12 


1 


3.6 


nc 

.^.w 


104 


Q-3 


1536 


m 


22 




7.3 


32.5U 


23 


1.4 


42 


8 


8 


54 


12.4 


618 


¥'h 


2300 


837 


26 




7.35 


46.1 


IB 


2.1 


65.3 


12 


5 


102 


15.8 


?6i 


F-7 


690 


211 


14 




6.4 


8.5 


9.6 


1.5 


15.2 


13 


8 


21.2 


21.9 


213 


F-B 


614 


184 


14 




6.15 


7.9 


9.5 


.7 


12.1 


11 


5 


17.9 


22 


1S6 



tBased on estiiatid valuss in soie cases - see Appendix III. 
tIResults at this statien highly variable due to -flow pattern shifts of effluent plume. 



Cheiical Data (aq/U - 5-dav averages or lagdian values (I). 



Exposure 


Sites 






(Figure 


6) 






Nc. 




Cu Z 


1 


F-l 




<.00U 


0031 


D-2 




.018 


015t 


F-3 




<.001i 


0041 


F-4 




C.OOll 


003t 


Q-3 




.006t 


022t 


F-6 




.WO 


013t 


F-7 




(.004 < 


006 


F-8 




.0031 


009 



Cd 



Ai 



Pb 



Ni 



Cr 



Ba 



L;a 



00031 


0241 


(.0031 


(.0021 


<.002t 


.04 


— 


2.9 


004t 


962 


.0031 


.009 


.0041 


.03 


131 


4S8 


0002 


071 


(.003 


(.002 


<.O02 


.04 


.062 


33.7 


0002 


196 


<.003t 


(.0021 


(.002 


.03 


.079 


42 


00051 


257 


.0031 


.OlOJ 


(.0021 


.46 


.124 


203 


00031 


404 


.0031 


.012 


.0O4t 


t 1 -^ 


.172 


318 


0002* 


117 


(.006 


(.002 


(.002 


.10 


.068 


80 


00061 


101 


(.0031 


<.002t 


(.002 


.08 


.100 


69.4 



liedian values are cited in place of average values where raw data consists of values measured as being less than the detection 
levels. 



Appendix C 
Table C-2 



Ammonia Levels (measured and/or calculated) 
for the 19B1 In— situ Exposure Sites, 



















Linear EgaatiDn 








EXPD 


SURE SITES 
Figure 6) 


NH5-N VALUES ON TEST DAYS 






(y=NH=-N) 
(i.e. y=aaiionia 








(see 














Nc. 






< 


n 

i. 


3 


4 




-nitroDsn) 


;(=known values of 


r value 


n 


F-1 


(rsfi 


•rsncf) 


.038 


.058 


.034 


.034 


.016 


all seasured values 


— 


■— 


— 


D-2 






18.5 


*8.4I 


46.0 


43. 5 


49.1 


N.a. 


N.A. 


%L 


N.A. 


f-l 






iM 


IJ? 


4.451* 


1.30 


2.90 


y=.4226x + .1794 


;no= + mz)-H 


.975 


1 


F-4 






IM 


l.6i 


5.20«< 


3.50 


2.13 


y=.8036x - .1430 


Total KjBldahl-N 


.979 


_ 4 


Q-3 






\Lhn 


7.35*t 


68. 5U 


10.3 


31.5 


y=.7186^v + .9576 


(NOz + NC3}-N 


1.0 


n 


F-£ 






*?.2JI 


*9.7W 


H.3» 


43.0 


49.2 


y=.9S4 ^ - 17.23 


(NO2 + mi)-n 


1.0 


n 


F-7 






h.mt 


W 1 r 


li.O 


3.6 


11. 6n 


y=1.304x - 3.335 


Total Kjsldihl 


.968 




F-e 






3.25 


7.0 


6.85n 


3.30 


3.10 


y=.4258x + 2.547 


(NO2 + N03)-K 


1 I V / 


3 



i Linear regression inappropriate - estiaate based on hlHs-N/NCs-N + NCs-N ratio, which produced a value of .55 1 .o2 

[N = 3, (NC3 + NCaj-N value aissing in fourth case], 
ttestiiatid valuei using linear regression analyses. 
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ADDENDUM 

AMMONIA MONITORING AND TOXICITY 
TESTS 1983-84 
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1983-84 AMMONIA MONITORING AND TOXICITY TESTS 

The results of fish bioassay studies performed in 1980-81 revealed 
that the final effluents from both the Denison and Rio Algom 
tailings areas were variably lethal to test organisms. However, 
toxicity tests conducted with caged fish held in the upper Serpent 
River, along with laboratory static bioassays, did not show lethal 
responses. High concentrations of ammonia and pH were identified 
as the factors controlling toxicity in the effluents. 

The lack of lethal response for the river samples suggested that 
river conditions might be adequate to support fish. However, 
indications from water chemistry monitoring during 1981 showed that 
river concentrations of amiionia at times approached or exceeded 
values that were known to produce fish mortality (Figure 4). 

In 1983, an ammonia monitoring program was initiated to evaluate 
the seasonal patterns of ammonia distribution in the river. In 
addition, a toxicity testing procedure was undertaken for effluents 
and river stations four times during 1983-84. 

Methods 

Water chemistry samples were obtained from four locations on the 
upper Serpent River corresponding to stations F-1, F-3, F-4 and F-8 
in Figure 6. The two tailings effluents, at Stollery Lake (D-2) 
and Bud Creek (F-6), were also sampled. 
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Temperature and pH were determined on-site while conductivity and 
alkalinity were analyzed in the Sudbury Regional laboratory. 
Ammonia was analyzed at the M.O.E. laboratory in London. 

Water samples for toxicity testing were collected by Regional staff 
and shipped immediately to arrive within 48 hours at the M.O.E. 
Toronto laboratory. Sampling dates were: August 28, 1983; 
December 1, 1983; February 14, 1984; and May 6, 1984. Additional 
water samples were collected on those dates and submitted for 
analysis of metals and characterization parameters. 

Static laboratory fish toxicity tests of 96- hour duration were 
performed using rainbow trout to determine what effluent 
concentration would result in a 50% mortality of test fish (96-hour 
LC50). River samples were tested in an undiluted state while a 
dilution series was prepared for the samples of effluent. In 
previous tests (1980), Toronto tap water was used as the diluent* 
In this series of tests, dilution water for the effluent samples 
was obtained from the sampling stations immediately upstream of the 
effluent outfalls. Results were expected to be more applicable to 
the actual field situation. 

River flow data for stations F-1 and F-8 were obtained from Water 
Survey, of Canada. 
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Results 

Results of the toxicity tests are presented in Table A. 
Corresponding pH, total ammonia and calculated un- ionized ammonia 
concentrations (after Thurston, Russo and Emerson, 1979) are 
included. Acute lethality was indicated when test samples produced 
a 96-hour LC50 equal to or less than 100% concentration. 

Station F-1, upstream of the effluent sources, was not lethal at 
any time. 

At D-2 (Stollery Lake effluent), the August 23 and February 14 
tests revealed acute lethality to test fish. The May 6, 1984, 
results were marginally lethal with 33% mortality in 100% effluent. 
No mortality was observed in the December 1, 1983, test. On this 
date, the concentration of total ammonia (57.0 mg/L) was comparable 
to that found in the lethal samples (48.5 mg/L to 106.0 mg/L) but 
the reduced pH (7.49) resulted in no deaths. 

With the exception of F-3 in February, no mortalities occurred in 
the two river stations (F-3, F-4) immediately downstream of D-2. 
The February 14, F-4 sample caused 83% mortality of test fish in 
full strength solution. The total ammonia concentration was 
similar to the summer concentration, 32.75 mg/L versus 31.0 mg/L, 
but an elevated winter pH value (8.65) resulted in lethal 
responses. 
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At F-6 (Bud Creek effluent), acute lethality occurred in the winter 
samples, with 100% mortality in a <10% v/v sample. The effluent 
was extremely toxic. Sufficient dilution was not available to 
determine the LC50 concentration. The December 1, 1983, test was 
marginally lethal with 40% mortality in a full strength effluent 
solution. The calculated un-ionized ammonia concentration was 
0.0092 mg/L, which is below the M.O.E. objective of 0,020 mg/L; 
however, the reported pH value (6.40) appears to be anomalous. The 
pH increased from F-4 (upstream of Bud Creek decant) to F-8 

(downstream) while the reported effluent pH was lower. Based on a 

+ 
mass balance calculation of the H ion concentrations, the expected 

pH for F-6 would be in the range of 7.8 to 8.8. 

At F-8, only the February 14, 1984, sample resulted in acute 
lethality to test fish. The winter ammonia level was lower than 
the summer concentration (26.50 mg/L versus 36.00 mg/L), but the pH 
was elevated (8.8 versus 7.42), resulting in total mortality. 

With the exception of the December 1983 and May 1984 samples, which 
were collected under high flow conditions, un-ionized ammonia 
concentrations in the river stations F-3, F-4 and F-8 exceeded the 
P.W.Q.O. of 0.02 mg/L (Table A). All effluent levels exceeded the 
objective, with the exception of F-6 on December 1, as discussed. 
In addition, the total ammonia effluent guideline of 10 mg/L was 
exceeded at both discharges (M.O.E. 1981). 
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The results of the 1983-84 ammonia monitoring program are presented 
in Table B. Calculated un- ionized ammonia concentrations in the 
river stations varied from <0.0005 mg/L to 0.4944 mg/L; and from 
<0.0005 mg/L to 8.7932 mg/L in the effluent samples. With the 
exception of periods of high flow (May, June and Oecember), 
un- Ionized ammonia concentrations in the river stations exceeded 
the P.W.Q.O. of 0.02 mg/L. Effluent concentrations of ammonia 
exceeded the 10 mg/L guideline on 12 of the 13 sampling dates. 

As reported in Part III, the un-ionized ammonia LC50 for rainbow 

trout fingerlings ranged from 0,6 to 1.4 mg/L at the M.O.E. 

toxicity laboratory, but concentrations as low as 0.2 mg/L have 
been shown to cause fish mortality. 

At 0-2, 9 of 13 un-ionized ammonia determinations exceeded 
0.6 mg/L. Effluent concentrations of un-ionized ammonia at F-6 
ranged from 0,0006 to 8.79 mg/L with 7 of the 13 determinations 
exceeding 0.6 mg/L. 

Concentrations of un-ionized ammonia in the river stations 
downstream of the effluent discharges frequently exceeded 0.2 mg/L, 
but concentrations in excess of 0.6 mg/L were not detected 
(Table B). The presence of un-ionized ammonia in the upper Serpent 
River jn concentrations associated with fish mortality, indicates 
that adverse conditions to aquatic biota may frequently exist 
within the river. 
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Water chemistry results are presented in Table C. Individual 
copper, nickel, lead and zinc levels were below the guideline 
concentrations of 1 mg/L. Cumulative concentrations were also less 
than the respective guideline value. 

At D-2 on August 23, the effluent guideline of 1 mg/L aluminum was 
exceeded. Elevated concentrations in the effluents were reflected 
in the downstream river stations. 

All cadmium concentrations in effluents and river stations were 
below the P.W.Q.O. 

Chromium concentrations at all river stations were below the 
objective. Effluent concentrations were within the Guidelines. 

In conclusion, the results of the ammonia monitoring coupled with 
toxicity testing of effluents and river water support the 
conclusions reached in the 1980-81 studies. There is a distinct 
seasonal variability in the lethality of the two effluents. 

In the winter months, due to ice cover, low reaction temperatures 
and slow oxidation of ammonia, the effluents were discharged to the 
river with elevated pH (>9.0) and ammonia. The low flows in the 
Serpent River (1.880 cms at F-8) provided reduced dilution. This 
combination of effects produced the lethal toxicity test responses 
observed in both effluents and river stations. For the remainder 
of the year, the pH of the effluents was lower (6.40 to 8.02). In 



72 



combination with the higher flows in the spring and fall, all test 
samples were non- lethal. In summer when flows were lower than 
winter months (0.630 cms at F-8) but pH remained lower, no 
lethality occurred in the river stations. 

Chemical monitoring shows concentrations of ammonia that continue 
to be periodically high in the river while pH and temperature 
conditions exist that enhance ammonia toxicity. The potential of 
ammonia toxicity to fish remains present in the upper Serpent River 
under the existing operating regime of the mining companies. 
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JL/ml/REP40-H 











TABLE A 












Upper Si 


ifpent iivir - 


Results of 96-Hour 


Bioassays. 1983- 


-84 




station 


Sampling 


PH 


Total NH3 


Un- ionized 


96-Hour LC50 


Mortality in Full 


Flow Data 




Date 


(lab) 


(mg/L) 


NH3 (mg/D* 




Strength Solution 


(cms) 


F~l Dun! op 


23/08/83 


7.23 


<.005 


<.0005 


non- lethal 




0.041 


Lake outlet 


01/12/83 


6.75 


0.030 


<.00O5 


no n- lethal 




4.180 




14/02/84 


6.54 


0.030 


<.0005 


non- lethal 




1.520 




06/05/84 


6.72 


0.006 


<.0005 


non- lethal 




3.330 


D-2 Stollery 


23/08/83 


8.02 


48.500 


1.3532 


100% 






Lake decant 


01/12/83 


7.49 


57.000 


0.4782 


non- lethal 








14/02/84 


9.08 


106.000 


26.2880 


17% 








06/05/84 


7.94 


88.600 


2.0644 


>100% 


33% 




F-3 below 


23/08/83 


7.70 


31.000 


0.4185 


non- lethal 






Stollery Lake 


01/12/83 


6.72 


2.350 


0.0034 


non- lethal 








14/02/84 


8.65 


32.750 


3.5698 


<100% 


8^ 






06/05/84 


6.88 


7.400 


0.0153 


non- lethal 






F-4 above Bud 


23/08/83 


7.67 


30.000 


0.3780 


non- lethal 






Creek 


01/12/83 


6.89 


2.950 


0.0063 


non- lethal 








14/02/84 


7.96 


22.750 


0.5551 


non- lethal 








06/05/84 


6.90 


7.900 


0.0171 


non- lethal 






F-6 Bud Creek 


23/08/83 


7.75 


37.400 


0.5685 


non- lethal 






decant 


01/12/83 


6.40 


13.400 


0.0092 


>100% 


40% 






14/02/84 


9.40 


89.000 


16.3760 


<10% 


100% 






06/05/84 


7.02 


18.700 


0.0535 


non- lethal 






F-8 near Quirke 


23/08/83 


7.42 


36.000 


0.2574 


non- lethal 




0.630 


Lake inlet 


01/12/83 


6,93 


4.380 


0.0102 


non- lethal 




4.320 




14/02/84 


8-88 


26.500 


4. 5580 


<100% 


100% 


1.880 




06/05/84 


6.87 


8.600 


0.0175 


non- lethal 




4.600 



* tests conducted at 15°C 
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TABLE B 







I 


Jpper 


Serpent River 








Calculated 


Un- Ionized Ammonia Coi 


icentrations 










1983-84 






Station 


Date 


PH 


Temp. 


NH3 


Un- ionized 






(field] 


(°C) 


(mg/L) 


NH3 (mg/L) 


F-1 


25/05/83 


6.83 


10.5 


0.005 


<.0005 




08/06/83 


6 


69 


12.0 


0.210 


<.0005 




30/06/83 


6 


78 


20.0 


0.005 


<.0005 




14/07/83 


6 


98 


24.5 


0.005 


<.0005 




27/07/83 


6 


88 


22.5 


0.235 


0.0008 




10/08/83 


6 


89 


21,0 


0.95 


0.0031 




23/08/83 


6 


65 


23.0 


<.005 


<.0005 




13/09/83 


7 


06 


17.5 


0.005 


<.0005 




29/09/83 


6 


85 


15.0 


0.010 


<.0005 




20/10/83 


6 


84 


10.5 


<.005 


<.0005 




01/12/83 


6 


75 


1,0 


0.030 


<.0005 




14/02/84 


6 


20 


1.0 


0.030 


<.0005 




06/05/84 


6 


72 


5.0 


0.006 


<.0005 




06/06/84 


6 


95 


12.0 


<.002 


<.0005 


D-2 


25/05/83 


- 


- 


. 


- 




08/06/83 


8.28 


13.0 


m 


0-2102 




30/06/83 


7.62 


21.0 


66 


1.1550 




14/07/83 


6.46 


25,5 


0.020 


<.0005 




27/07/83 


7.83 


23.0 


52.0 


1.6796 




10/08/83 


8.01 


22.0 


42.5 


1.9083 




23/08/83 


7.75 


21.5 


48.5 


1.1640 




13/09/83 


7.52 


19.0 


63.0 


0.7623 




29/09/83 


8.34 


14.0 


56.0 


2.9456 




20/10/83 


8.21 


8.0 


49.0 


1.2348 




01/12/83 


7.49 


1.0 


57.0 


0.1579 




14/02/84 


8.45 


2.0 


106.00 


2.8408 




06/05/84 


7.94 


5.0 


88.60 


0.9542 




06/06/84 


7.48 


14.5 


61.20 


0.4761 


F-3 


25/05/83 


7.26 


11.0 


8.85 


0.0500 




08/06/83 


6,82 


12.5 


4.20 


0.0063 




30/06/83 


7.19 


20.5 


15.0 


0.0951 




14/07/83 


7.18 


25,0 


16.0 


0.1397 




27/07/83 


7,33 


22.5 


22.5 


0.2266 




10/08/83 


7.59 


20.5 


28.0 


0.4424 




23/08/83 


7.47 


21.5 


31.0 


0.3937 




13/09/83 


7.54 


16.5 


47.0 


0.4944 




29/09/83 


7.58 


15.0 


46.0 


0.4738 




20/10/83 


7.31 


8.5 


8.7 


0.0293 




01/12/83 


6.72 


1.0 


2.35 


0.0011 




14/02/84 


8.16 


1.0 


32.75 


0.4192 




06/05/84 


6.88 


5.0 


7.400 


0.0070 




06/06/84 


7 


.11 


14. 5 


9.60 


0.0321 
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-2- 



Station 


Date 


pH 


Temp . 


NH3 


Un- ionized 






(field) 


(°C) 


(mg/L) 


NH3 (mg/L) 


F-4 


25/05/83 


6.85 


12.0 


8.05 


0.0200 




08/06/83 


6.83 


12.5 


3.4 


0.0052 




30/06/83 


7.08 


21.0 


15.3 


0.0782 




14/07/83 


7.21 


26.5 


14.5 


0.1472 




27/07/83 


7.22 


22.0 


19.5 


0.1474 




10/08/83 


7.38 


19.5 


25.0 


0.2275 




23/08/83 


7,47 


22.0 


30.0 


0.4020 




13/09/83 


7.46 


15.0 


41.5 


0.3249 




29/09/83 


7.35 


15.0 


50.0 


0,3045 




20/10/83 


7.40 


7.0 


12.4 


0.0456 




01/12/83 


6.89 


1.0 


2.95 


0.0021 




14/02/84 


7.58 


1.0 


22.75 


0.0776 




06/05/84 


6.90 


5.0 


7.900 


0.0078 




06/06/84 


7.19 


15.0 


12.10 


0.0511 


F-6 


25/05/83 


5.18 


12.5 


16.25 


0.0006 




08/06/83 


8.92 


12.0 


6.9 


1.0557 




30/06/83 


8.28 


19.5 


43.0 


2.9240 




14/07/83 


7.72 


27.5 


37.0 


1. 2728 




27/07/83 


7.84 


21.0 


47.0 


1.3489 




10/08/83 


6.96 


19.5 


- 


- 




23/08/83 


7.47 


23.0 


37.4 


0.5386 




13/09/83 


7.01 


13.5 


37.5 


0.0934 




29/09/83 


8.47 


15.0 


40.0 


2.9920 




20/10/83 


6.98 


5.0 


17.4 


0.0207 




01/12/83 


6.40 


1.0 


13,4 


0.0030 




14/02/84 


9.05 


2.0 


89.00 


8.7932 




06/05/84 


7.02 


5.0 


18.70 


0.0245 




06/06/84 


7.87 


16.5 


29.70 


0.6623 


F-8 


25/05/83 


6.64 


12.5 


13.5 


0.0133 




08/06/83 


7.19 


12.5 


6.3 


0.0220 




30/06/83 


7.32 


21.0 


21.0 


0.1856 




14/07/83 


7.37 


26.5 


17.6 


0.2570 




27/07/83 


7.18 


21.5 


23.5 


0.1544 




10/08/83 


7.17 


19.0 


24.5 


0,1330 




23/08/83 


7.18 


24.0 


36.0 


0.2866 




13/09/83 


7.49 


14,0 


32.5 


0.2529 


?«' 


29/09/83 


7.47 


15.0 


38.0 


0.3044 




20/10/83 


7.34 


6.5 


18.5 


0.0570 




01/12/83 


6.93 


1.0 


4.38 


0.0034 




14/02/84 


8.31 





26.50 


0.4399 




06/05/84 


6.87 


5.0 


8.60 


0, 0080 




06/06/84 


7.24 


16.5 


13.10 


0.0684 
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TABLE C 







Upper 


Serpent 


River - 


Water Chemi 


stry Results, 


1983-84* 






_ 


Station 


Sample 


Cond. 


Alk. 


AT 


Cd 


Cr 


Cu 


Ni 


m 


In 


No. 


Date 




















F-1 


23/08/83 


32.2 


7.2 


0.021 


<.0002 


0.002 


0.005 


<.001 


<.003 


0.002 




01/12/83 


31.1 


8.9 


0.009 


<.0002 


<.001 


0.002 


<.001 


<.003 


0.003 




14/02/84 


33. 1 


10.0 


0.012 


<.0002 


0,005 


0,001 


<.001 


<.003 


0.003 




06/05/84 


32.1 


6.6 


- 


- 


- 


- 


- 


- 


- 


D-2 


23/08/83 


3360.0 


31.1 


1.400 


0.0007 


0.009 


0,037 


0.071 


0.006 


0.024 




01/12/83 


3180.0 


26.3 


0.140 


<.0002 


0.001 


0.012 


0,018 


<.003 


0.003 




14/02/84 


3500.0 


69.1 


0.670 


<.0002 


0.100 


0.013 


0,019 


<.003 


0.005 




06/05/84 


3580.0 


29.2 


- 


- 


- 


- 


- 


- 


- 


F-3 


23/08/83 


2230.0 


22.5 


0.160 


<.0002 


<.001 


0.021 


0,005 


<.003 


0.002 




01/12/83 


225.0 


9.0 


0,030 


0.0002 


<.001 


0.002 


0,003 


<.003 


0.008 




14/02/84 


1510.0 


21,9 


0.200 


<.0002 


0.085 


0.006 


0.009 


<.003 


0.004 




06/05/84 


515.0 


9.1 


■- 


** 


»« 


«p 


- 


m- 


-I* 


F-4 


23/08/83 


2210.0 


20.6 


0.160 


<.0003 


<.001 


0.026 


0.004 


<.004 


<.001 




01/12/83 


268.0 


9.7 


0.030 


0.0005 


0,001 


0.006 


0.003 


<.003 


0.005 




14/02/84 


1249.0 


22.8 


0.140 


<.0002 


0.069 


0.006 


0.007 


<.003 


0.007 




06/05/84 


524.0 


9,6 


- 


- 


- 


- 


- 


- 


- 


F"6 


23/08/83 


2780.0 


25.9 


0.360 


<.0002 


0.003 


0.028 


0.021 


<.003 


0.008 




01/12/83 


1056.0 


3.5 


0.420 


<,0002 


<.001 


0.006 


0.031 


<.003 


0,018 




14/02/84 


2440.0 


91.9 


0.280 


<,0002 


0.027 


0.010 


0.008 


<.003 


0.006 




06/05/84 


1157.0 


14.9 


- 


- 


- 


- 


- 


— 


- 


F-8 


23/08/83 


2090.0 


18.7 


0,210 


<.0002 


0.002 


0.027 


0.015 


<.003 


0.0012 




01/12/83 


399.0 


9.6 


0,055 


<.0002 


<.001 


0.007 


0.003 


<.003 


0.005 




14/02/84 


1370.0 


36.2 


0.180 


<.0002 


0.069 


0.006 


0.005 


<.003 


0.006 




06/05/84 


626.0 


10.2 


^' 


- 


« 


- 


« 


« 


'WK' 



* All results in mg/L, except Cond. (pmho/cm at 25°C) 
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